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HYDANTOIN ENHANCED HALOGEN 
EFFICACY IN PULP AND PAPER 
APPLICATIONS 

BACKGROUND OF THE INVENTION ^ 

Sodium hypochlorite and chlorine gas are commonly used 
as circulating water slimicides. Upon reaction with organic 
system components, these materials can produce adsorbable 
organic halogen (AOX) by-products which are environmen- lo 
tally undesirable. In addition, the bactericidal eflScacy of 
these materials is substantially reduced in high organic 
component systems because of rapid reactions of free halo- 
gen with organic materials. In high organic component 
recirculating waters such as pulp and paper processing and 15 
oil field applications, these deleterious effects are pro- 
nounced. 

U.S. PaL No. 3,328,294 teaches reaction of sulfamic acid 
with hypochlorite solutions, forming N-chloros ulfam ate 
soiiitionT which are used~'to ciisinfect paper-processing ^ 
streams. The stated advantage is reduced reactions with 
paper-processing components. Enhanced biocidal efficacy is 
demonstrated over a non-oxidizing biocide containing 
N-methyldithiocarbamate and cyanodithioimidocarbonate 
with bacterial concentrations of 1 0^ cfu/ml being achieved at ^ 
residual chlorine concentrations of 1.6 ppm as Clj. Unfor- 
tunately, as a practical matter, N-chlorosulfamic acid pro- 
vides reduced biocidal efiBcacy relative to hypochlorite, thus 
limiting its usefulness as a papermaking slimicide. 

U.S. Pat. No. 3,749,672 teaches the use of N-hydrogen 
materials to formulate bleaching solutions with enhanced 
stability to spontaneous decomposition. The claimed formu- 
lations contain (A) a hypohalite, (B) an N-hydrogen com- 
pound, (C) N-halo relation product of (A) with (B) at 
concentrations of 1.0x10"^ to 1.0 molar, and (D) a buffer to 
maintain pH 4-11. The preferred compositions are liquid 
formulations containing a phosphate buffer, sulfamic acid 
and sodium hypochlorite buffered at pH 10. Use of such 
formulations containing the N-hydrogen compound is dis- 
cussed, as is fighting microorganisms in paper mills. The 
essence of the invention is the production of stable formu- 
lations which can be handled and shipped without the loss of 
active halogen. This is effected by the incorporation of a 
buffer. The invention is not concerned with the on-site 
combination of hypochlorite-containing solutions or process 
streams with N-hydrogen compounds, but only with shelf- 
stable formulations. 

While this patent teaches reduced yellowing when the 
formulations are used as bleaches, neither the reduction of 50 
AOX nor the unexpected biocidal activity enhancement of 
active halogen by N-hydrogen compounds in pulp slurries is 
revealed. 

BRIEF DESCRIPTION OF THE INVENTION 55 

It has been discovered that selected N-hydrogen com- 
pounds and iheir chlorinated derivatives, such as 5,5-dim- 
cthylhydantoin (DMH), dramatically improve the bacteri- 
cidal cfBcacy of hypochlorite solutions in pulp slurries, go 
significantly reducing the amount of hypochlorite required 
to achieve biological conu-ol. Minimization of chlorine 
usage reduces the predisposition for AOX formation, as well 
as enhancing cost*effectiveness. 

The efficacy is believed to result from the conversion of 6S 
free halogen to combined halogen by DMH. DMH effec- 
tively increases the lifetime of active halogen, thereby 
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increasing biocidal efficacy. Such action increases cost 
effectiveness and reduces AOX formation. 

In contrast to the teaching of U.S. Pat. No. 3,749,672, the 
subject invention avoids the need to prcformulatc the con- 
stituents off-site and to buffer the soludon. On-site formu- 
lation of active halogen:N-hydrogen mixtures allows for 
site-specific stoichiometric optimization in the system recir- 
culation water. The relative stabilities of active halogen and 
N-hydrogen compounds in recirculation systems is site- 
specific, since they depend on such factors as composition, 
temperature, and degree of recycle. Modificauon of the 
active halogen: N-hydrogen ratio is not possible with the 
preformulated solutions of the prior art. Secondly, on-site 
formulation eliminates the expense and burdens of adding a 
buffer. 

In another embodiment of the instant invention, it has 
been discovered that certain halogenated N-hydrogen com- 
pounds per sc also serve as outstanding slimicides for the 
treatment of circulating water contai ning organic matter 
such as in the pulp and paper industiy. These compounds 
show enhanced efficacy over the hypochlorite in these 
applv:;adons. This result is particularly surprising since 
organic matter, generally over 0.2 wL % and frequently over 
0.5 wt. %, would be expected to interfere with the biocidal 
efficacy of such compounds. Typically these processing 
sU^eams have firom 0.2 to 3 wt. % organic matter, most 
frequently from 0.5 to 2 wt. %, comprised of approximately 
95-99% pulp fiber as well as additional materials such as 
sizing rosin and starch. 

The N-halohydantoin compounds useful in this embodi- 
ment of the invendon have the formula: 



Ri 



R2 



— r 

XzN NXi 



R, and Rj are independendy selected from hydrogen and 
alkyl groups (having from 1 to 12 carbons), and Xj and Xj 
are independently selected from bromine, chlorine and 
hydrogen, at least one of X^ and X2 being halogen, with the 
proviso that, when X, or X2 is bromine, R^ is methyl and R2 
is ethyl. In preferred embodiments, R, is methyl and Rj is 
either methyl or ethyl. Prcfcircd halohydantoins include 
l,3-dichIoro-5,5-dimethylhydantoin; 1-chloro- 5,5-dimedi- 
ylhydantoin; and dibromo- and bromochloroethylmethylhy- 
dantoins; and combinations of these derivatives. Another 
preferred embodiment includes a mixture of chloro deriva- 
tives of 5-ethyl-5-methylhydantoin, such as the mixtures 
currently sold under the trade name Dantochlor®. The 
amount of the N-halohydantoin compound used in the 
recirculadng water is broadly from 0.2 to 30 ppm, preferably 
from 0.5 to 5.0. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The effective form of combined halogen can be generated: 
a) in sioi by the addition of hydantoin to pulp slurries prior 
to or shortly after hypochlorite injection, b) by mixing DMH 
and free chlorine solutions prior to pulp slurry injection, or 
c) by direct feeding of halogenated hydantoins. 

In addition to DMH, other N-hydrogen compounds, 
analogously to DMH, may be used. These include 5,5- 
dimethylhydantoin, glycouril, sulfamide, trisulfamide. 



5,565,109 



EXAMPLE 1 



10 



15 



p-loiuene- sulfonamide, melamine, sodium iriamidomeia- 
phosphate, 5,5-alkylhydantoins, methancsulfonamidc, bar- 
bituric acid, 5-mcthyluracil, imidazoline, pyrrolidone, aceta- 
nilide, acctamide, N-ethylacetamidc, phthalimidc, 
benzamide, succinimide, cyanamide, urea, N-methylolurea, 
N-methylurea, acetylurea. biuret, methyl allophanate, 
methyl carbamate, phthalohydrazide, pyrrole, indole, forma- 
mide, N-methyiformamide, dicyandiamide, ethyl carbam- 
ate, 1,3-dimethylbiuret, methyl phenyl biuret, 4,4-dimethyl- 
2-oxazolidinone, 6-methyluracil, 2-imidoa2olidone, 
ethylene urea, 2-pyrimidone, N-ethylacetamide, azetidin-2- 
one, 2-pyrrolidone, caprolactam, phenyl sulfinimide, phenyl 
sulfinimidylamide, diphenyl sulfonimide, dimethyl sulfin- 
imine, isodiiazolene- 1,1 -dioxide, orthophosphoryl iriamide, 
pyrophosphoryl triamide, phenyl phosphoryl-bis dimethyl 
amide, boric acid amide, hydantoin, and pyrrole. Expressly 
excluded is sulfamic acid, as its properties have been found 
to be inadequate for the purposes of the invention. 

DMH and cyanuric acid enhance eflScacy; hov^ever, the 
latter -does-nol miligate-halogcn consuiTiption as well as — 
DMH. While all N-hydrogen compounds (e.g., hydantoins, 
glycouril, sulfonamides, iraides, oxazolidinones, amides, 
amino acids) appear to enhance free halogen efficacy and 
mitigate halogen consumption to varying degrees, the sul- 
famic acid described in U.S. PaL No. 3,328,294 is clearly 25 
inferior to the compounds claimed herein. Hydantoins and 
cyanuric acid are preferred. 

A wide variety of **free halogen sources" can be improved 
by applying the teaching of the instant invention. These 
include alkali metal and alkaline earth metal hypochlorites 
such as the lithium, sodium, potassium, calcium, and mag- 
nesium compounds, chlorine gas, bromine, bromine chlo- 
ride, halogenatcd cyanurates such as trichlorcyanuric acid 
and sodium dichlorocyanurate, and dihalogenated hydanto- 
ins, and mixtures of such with sodium bromide. 

The optimum amount of the N-hydrogen compound used 
is that needed to convert all free halogen to the combined 
form. This corresponds to a 1:1 molar ratio of halogen 
(based on the moles of free halogen) to hydantoin; hovi^ever, 
concentrations as low as those producing a 2.6:1 halogen to 
DMH ratio have been shown to be eflfective. Any amount of 
N-hydrogen compound should provide some level of effi- 
cacy enhancement, while greater amounts of hydantoin do 
not reduce biocidal efficacy. A range corresponding to 0. 1 : 1 
to 10:1 halogen to N-hydrogen compound ratio broadly 
covers the invention. Halogen to DMH ratios of 0. 1 : 1 to 1 0: 1 
correspond to hydantoin dosages of from 0.02 to 180 ppm. 

Typically active halogen concentrations of 0. 1-10 ppm as 
CI2 are employed in the pulp media. Amounts of 1 to 3 ppm 53 
are preferred. 

To more fully describe the subject invention, attention is 
directed to the following examples: 
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The addidon of 5^-dimethylhydantoin (DMH) to sodium 
hypochlorite solutions enhances the biocidal activity of 
sodium hypochlorite. The conditions of this experiment 
were a modification of ASTM E 600-91. Two biocide 60 
solutions were evaluated: NaOCl and NaOCl mixed with 
DMH in a 0.25: 1 molar ratio. The NaOCl and the DMH were 
mixed prior to pulp introduction. The biocidcs were inU'O- 
duced to the pulp slurry 10 minutes prior to inoculation with 
2x10^ cfu/ml P. Aeruginosa and E. Aerogenes. The pulp 65 
slurry consisted of 1.3% ground aspen wood pulp and 200 
ppm rosin adjusted to pH=S.O-5.5 with aluminum sulfate. 



Bacteria populations were measured 3 hours after pulp 
slunry inoculation. Final total halogen concentrations were 
measured at the time of bacterial population plating by 
sample centrifuging followed by standard DPD analyses. 
Biocides were neutralized with sodium thiosulfate prior to 
plating. The results are set forth in Table 1 : 

TABLE 1 
Effect of DMH on NaOCl/Bactericidal Efficacy 



Total Halogen: 



Final 







(ppm as CI2) 


% Residual 


Bacteria 


Sysiem 


Sample 


Initial 


Final 


Halogen 


(cfu/ml) 


NaOa 


A 


10 


0.08 


0.8 


^10^ 




B 


7.5 


0.04 


0.5 


^10' 




C 


5.0 


0.00 


0 


gio' 




D 


3.0 


0.00 


0 


10^ 




£ 


1.0 


0.00 


0 


10^ 


NaOQ: 


F 


10 


5.2 


52 


SIO' 


DMH 


G 


7.5 


A J. 


55 


-Sin' 


(0.25:1 


H 


5.0 


2.8 


56 


gio' 


mole 




3.0 


1.1 


37 


10' 


ratio) 


J 


1.0 


0.5 


50 


siO* 



DMH significantly enhanced the bactericidal efficacy of 
NaOCl. In the presence of DMH 1 ppm halogen produced 
bacteria reduction equivalent to that of 5 ppm halogen when 
used alone. This is a fivefold increase in efficacy. 

DMH also reduced active halogen loss, reducing the 
predisposition for AOX formation. In the absence of DMH 
essentially all active halogen was consumed, while up to 
56% remained when the DMH was present. 

EXAMPLE 2 

NaOCl efficacy was also enhanced by DMH upon NaOCl 
addition to DMH-treated slurries. Prereaction of DMH with 
NaOCl as described in Example 1 was not required. The 
conditions of this experiment were in other respects the 
same as Example 1. The molar ratio in the pulp slurry was 
1:1 NaOCl to DMH. The results are reported in the table 
below: 

TABLE 2 

EfTeci of DMH-Treaied Pulp on NaOCl/BacLericidal Efficacy 



Total Halogen: 



Final 







(ppm as CI2) 


% Residual 


Bacteria 


System 


Sample 


Initial 


Hnal 


Halogen 


(cfu/ml) 


NaOa 


A 


15 


0.11 


0.7 


<10' 




B 


10 


0.04 


0.4 


<10' 




C 


7.5 


0.06 


05 


<10^ 




D 


5 


0.02 


0.4 


10* 




E 


3 


0.00 


0.0 


10^ 


NaOQ: 


F 


1 


0.00 


0.0 


10* 


DMH 


G 


15 


1.88 


12.5 


<10^ 


(1:1 


H 


10 


0.88 


8.8 


<10* 


mole 


1 


7.5 


0.41 


5.5 


<10' 


ratio) 


J 


5 


0.16 


3.2 


<10* 




K 


3 


0.0s 


1.7 


10* 




L 


1 


0.00 


0.0 


10« 



Again bactericidal efiBcacy was significantly increased by 
the presence of DMH. In the presence of DMH a 2 log 
reduction in bacteria concentration was achieved with an 
initial halogen concentration of 3 ppm, while 5 ppm was 
required in its absence: a twofold increase in efficacy. 

The consumption of active halogen by the pulp medium 
was again mitigated by the presence of DMH. 
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EXAMPLE 3 

DMH cfiQcacy enhancement against prcinoculaied 
samples was also demonstrated. The conditions were the 
same as Example 1 except that the pulp was inoculated with 
bacteria 5 minutes prior to biocide introduction as opposed 
to 10 minutes after. Also the NaOCl to DMH mole ratio was 
increased from 0.25:1 tol:l. The results are shown in Table 
3: 

TABLE 3 



Effect of DMH on NaOCl BacicricidaJ Efficacy in Prcinoculaied 

Samples 

Pulp Slurry Baclcricidal Efficacy 





Total Halogen 




Final 




(ppm as CI2) 


% Residual 


Bacteria 


System 


Initial 


Rnal 


Halogen 


(cfu/ml) 


NaOCl 


16.3 


0.34 


2.1 


<10^ 




3.4 


0.03 


1.0 


<10! 




0:8 


0.01 


1.3 


10* 


NaOCl: 


15.0 


3.6 


24 


<10' 


(1:1 mole 


3.2 


1.5 


47 


<10^ 


ratio) 


0.8 


0.3 


38 


10' 



DMH again enhanced efficacy. In its presence a 3 log 
reduction was effected at a dosage of 0.8 ppm halogen (as 
compared to no reduction at 0.8 ppm in its absence). Active 
halogen consumption was again mitigated in the presence of 
DMH. 



EXAMPLE 4 

The effectiveness of DMH to mitigate halogen consump- 
tion was demonstrated at NaOCl to DMH molar ratios of 
0.6: 1 to 2.6: 1 . The experimental conditions were the same as 
those of Example 2, except that the pulp slurry was not 
inoculated with bacteria. The results are shown in the table 
below: 

TABLE 4 

Effect of NaOChDMH Molar ratio on Halogen Consumption 



Total Halogen 

NaOQ:DMH (ppm as Qa) % Residual 



Mole Ratio Initial Final Halogen 



0 25.6 0.11 0.4 

2.6:1 25.6 6.4 25 

13:1 25.6 7.6 30 

0.6:1 25.6 7.5 29 



DMH concentrations as low as those producing NaOCl to 
DMH ratios of 2.6: 1 reduced pulp slurry halogen consump- 
tion. As bactericidal efficacy of DMH treated systems was 
observed to correlate with residual total halogen concentra- 
tion (see Examples 1 and 2), DMH is expected to enhance 
hypochlorite biocidal activity at DMH concentrations at 
least as low as those which provide NaOCl to DMH ratios 
of2.6:L 

EXAMPLE 5 

The activity of hydantoins was demonstrated to be greater 
than sulfamic add and similar to cyanuric acid. The condi- 
tions were the same as those of Example I. The molar ratio 
of the NaOCl to N-hydrogen compound was 1:1. The results 
are shown in Table 5: 
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TABLE 5 

Effect of Cyanuric Add. Sulfamic Acid and MEH on Bactericidal 
Efficacy 

5 

Total Halogen: Final 
(ppm as CI2) % Residual Bacteria 



15 



System 


Sample 


Initial 


Final 


Halogen 


(cfu/ml) 


NaOa 


5099:46 


5.0 


0.03 


0.6 


10^ 




A 


3.0 


0.02 


0.7 


10^ 




B 


1.0 


0.00 


0.0 


10^ 


NaOCl: 


C 


5.0 


3.8 


76 


10^ 


Sulfamic 


D 


3.0 


2.5 


83 


10^ 


Acid 


E 


1,0 


0.6 


60 


10* 


NaOQ: 


F 


5.0 


0.21 


4.2 


10^ 


Cyanuric 


G 


3.0 


0.03 


1.0 


10^ 


Acid 


H 


1.0 


0.00 


0.0 


10" 


NaOCl:MEH 


I 


5.0 


2.4 


48 


10^ 




J 


3-0 


0.2 


7 


10^ 




K 


1.0 


0.03 


3 


10^ 



20 

Sulfamic acid produced no efficacy enhancement over 
sodium hypochlorite alone. In contrast, 5-ethyl-5-methylhy- 
dantoin (MEH) dramatically increased NaOCl efficacy, pro- 
viding a 3 log reduction at 5 ppm halogen as opposed to a 

25 1 log reduction in its absence. Cyanuric acid provided 
similar efficacy enhancement to MEH. 

Of the two components which provided efficacy enhance- 
ment. MEH and cyanuric acid, MEH provided the greatest 
mitigation of halogen decomposition; thus it is expected that 

30 MEH would provide the greatest reduction in AOX forma- 
tion. In this aspect MEH would be preferred over cyanuric 
acid. . 

EXAMPLE 6 

The conditions in this experiment were the same as in 
Example 1 except the initial total halogen concentration with 
respect to typical microbiological concentration was 
increased to about 70 ppm as CI2 to produce detectable 
levels of AOX. The results are shown in Table 6: 



TABLE 6 
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Effluent AOX Analyses 






Initial Total Halogen 


Effluent AOX 


Coix^osidon 


(ppm as Qj) 


(ppm) 


NaOCl 


74 


5.8 


NaOQ:DMH 


69 


3.7 



50 DMH reduced the AOX of NaOCUtreated pulp slurry efflu- 
ent by 36%. 

EXAMPLE 7 

This example shows the surprising efficacy of an N-ha- 
lohydantoin compound as a bactericide as compared to the 
conventionally used sodium hypochlorite. Specificaliy, Dan- 
tochlor®, a commercial halogenated hydantoin containing 
predominantly dichlorodimethylhydantoin and dichloroeth- 
ylmethylhydantoin was used. The conditions were the same 
^ as those of Example I. Table 7 shows the results: 

TABLE 7 

Efficacy of N-Halchydantsin Compound 

Total Halogen: Final 
(ppm as Qi) % Residual Bacteria 



